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John A. Bauscher, Class of ’43 


speaks from experience when he says... 


‘United States Steel 
offers first-rate opportunities 


in research and product development 


OHN BAUSCHER graduated from col- 

lege in 1943 with a B.S. degree in 
Metallurgy. After a stint in the Navy, 
he returned to college as a metallurgi 
cal research assistant. In 1949 he re 
ceived his M.S. in Metallurgy and 
then came to work at the U.S. Steel 
Applied Research Laboratory. After 
just four and a half years, Mr 
Bauscher had progressed to Division 
Chief for Sheet Products Develop- 
ment — responsible for the improve- 
ment of present sheet steel products 
and the development of new and im- 
proved types 

Why did Mr. Bauscher choose U.S. 
Steel? Because, says he, “U.S. Steel 
produces such a great diversity of 
products and maintains such a thor- 
ough research program on all its prod- 
ucts — not only theoretical research, 
but also applied research or product 
development. The graduate engineer 
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has unusual latitude in selecting the 
type of products and the type of re- 
search that interest him most. Work is 
done not only on steel, but on many 
raw materials and by-products as well. 

“And,” says Mr. Bauscher, “Oppor- 
tunities at U.S. Steel are better now 
than ever before because of the em- 
phasis on product development and 
the recent expansion of research 
facilities.” 

If you are interested in a challeng- 
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ing and rewarding career with U.S. 
Steel and feel that you can qualify, 
you can get details from your college 
placement director. And we will gladly 
send you a copy of our informative 
booklet, “Paths of Opportunity,” 
which describes U.S. Steel and the 
openings in various scientific fields. 
Just write to United States Steel Cor- 
poration, Personnel Division, Room 
1622, 525 William Penn Place, Pitts- 
burgh 30, Pennsylvania. 


SEE THE UNITED STATES STEEL HOUR. It’s a full hour of top flight 
TV drama, presented every other week by United States Steel. Con- 


sult your local newspaper for time and station. 
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S. S. Marine Dow-Chem, first ship ever built specifically for the transportation of liquid chemicals. 


CHEMICALS GO TO SEA... 


REDUCING FREIGHT COSTS AND BRINGING 
FASTER SERVICE TO MANY DOW CUSTOMERS 


Newest link between Dow’s important Texas Division and 
eastern terminals is the 18,000-ton chemical tanker, 
“Marine Dow-Chem”’. First ship ever designed and built 
to carry chemicals, this huge tanker has a capacity of 
3,500,000 gallons, including special nickel-clad, heated 
tanks that safely carry 73°; caustic soda solution. The 
“Marine Dow-Chem” made her maiden voyage in April, 
completing three years in the planning and building of 
the vessel. 

Transportation of Dow chemicals by way of water routes 
did not begin with this new ship. Dow has pioneered in 
this technique of shipment. On any given day, you may 
see a tanker steaming out of Freeport, Texas, steering for 
East Coast terminals; a powerful tug herding its charge of 
barges up the Mississippi to Cincinnati; and a freighter 


leaving California, heading through the Panama Canal 
toward the Atlantic coast. All have one common purpose 
—delivering Dow chemicals by the most convenient, most 
economical routes possible. 


Just as Dow’s research and production are making giant 
steps in the progress of the chemical industry, so Dow’s 
distribution keeps pace through new techniques in trans- 
portation and service. 


Whether vou choose research, production or sales. 
you can find a challenging career with Dow. Writ 
to Technical Employment Department, THE Dow 
CHEMICAL COMPANY. Midland, Michigan or Freepo: 
=> Texas for the booklet, “Opportunities with The Dou 
Chemical Company” — you'll find it interesting. 


| CO prertunities 


2 ee oe 


you can depend on DOW CHEMICALS 
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Ii9 chambers of hell 


You are looking at the units of a $2,000,000 Martin test- 
ing laboratory—part of a man-made hell of fire and 
water, shock and vibration, explosion and corrosion, 
designed to torture electronics equipment! 


For these vital components of today’s aircraft, guided 
missiles and weapons systems must carry tremendous 
responsibilities. Consider, for example, the electronic 
system of the Martin B-61 Matador: 


it comprises the entire brain and 


Incredibly versatile, 
America’s first successful pilotless 


nervous system ol 


bomber. Yet this sensitive equipment must withstand 


the shock of many tons of thrust in the first second of 

take-off — violent changes in temperature and pressure 
and ground conditions ranging from sand storms to 

arctic blizzards, desert dryness to tropical downpour. 


loday, Martin’s facilities are among the finest in the 
world for design, production and proving in the field 
of avionics...one of the major developments of Martin 
Systems Engineering which is now tailoring airpowel 
to previously impossible requirements. 


You will hear more about Martin! 
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A MESSAGE TO 
COLLEGE ENGINEERING 
STUDENTS 
from C. H. Weaver, Manager, 
Atomic Power Division, 


Westinghouse Electric Corporation 
University of Pennsylvania, 1936 


To you who want to help create the atomic age 


You’re looking at the practical beginning of an atomic age. 

This is a model of the land-based prototype for the first atomic 
submarine engine, designed and built by Westinghouse—work- 
ing with the Atomic Energy Commission and the U. S. Navy. 

And now, Westinghouse is developing the world’s first atomic 
power plant to harness this vast power for peacetime use. Its 
output, enough for a city of 100,000 people, will go into a 
utility’s power system. 

Since 1948, Westinghouse has had an Atomic Power Division 
for atomic energy development . . . and it now has an Atomic 
Equipment Department to develop apparatus for atomic power 


installations. These are typical of the steps our forward-looking 


you can BE SURE...i¢ iS 


Westinghouse 


January, 1955 


Westinghouse management is constantly taking in leading the 
way toward development of new sources of energy and new 


products. 


Wouldn’t you like to be with Westinghouse . helping to 
create this new era? 

We at Westinghouse are interested in you as an individual 
interested in your ambitions as well as your technical ability. 
For your professional development, there is a Graduate Study 
Program, available in 19 universities, and leading to your 
Master’s and Ph.D. degrees. And there are other Westinghouse 
programs to fit your individual needs. . . all aimed at helping 


you reach your goal. G-10281 


Ask your Placement Officer about career 
opportunities at Westinghouse, or write 
for these two booklets: Continued Educa- 
tion in Westinghouse (describing our Grad- 
uate Study Program) and Finding 2 our 
Place in Industry. 

Write: Mr. R. E. Davis, l2egional Educa- 
tional Co-ordinator, Westinghouse Elec- 
tric Corporation, 10 High Street, 
~~ Boston 10, Massachusetts. 
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Here’s what 
happens when 
you take a job 

with 


DELCU 
PRODUGT 















1 When you take a job with Delco 
Products, you start a career with 
General Motors--with a_ division 
known throughout the world as a 
leading manufacturer of electric 
motors, hydraulic shock absorbers, 
and many other products. 


A CAREER WITH 
GENERAL MOTORS 


Delco Products 
ENTRANCE > 















2 You enter into a well-organized 
training program—a program spe- 
cifically designed to take full ad- 
vantage of your particular interests 
and abilities. You don’t just ‘‘go 
back to school.’’ Instead, you learn 
by doing, with top-flight supervision. 








SE 


SUPERVISOR 











3 As a trainee you get into every 
conceivable phase of Delco’s engi- 
neering operations — engineering 
laboratory, plant engineering, draft- 
ing, sales, processing, standards, 
quality control. Additional assign- 
ments are often made in related 
departments for broader experience. 






























Delco Products Division, GMC 
Dayton 1, Ohio 





If this opportunity interests you, sign up for the GM interview 
on your campus and ask for referral to Delco Products. For 
booklet detailing Delco's engineering activities, write to: 


E. J. Bentley, Supervisor, Graduate Training 





4 Training completed, you'll be 
given a specific departmental as- 
signment. Progress can be made in 
product development, technical 
staff operations, sales, or in manu- 
facturing supervision—according to 
your interests and capacity for 
future development. 










MOTOR and GENERATOR 
LABORATO Ry’ 


5 With Delco’s policy of promo- 
tion from within, your opportunities 
for advancement are virtually un- 
limited. Not every trainee becomes 
a supervisor, but some go much 
farther. Many General Motors top 
executives today are “‘graduates”’ of 
Delco Products Division. 


DELCO 
PRODUCTS 


Division 
G General Motors 


feemenas Corporation 


Dayton, Ohio 
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1916—The first Boeing plant, Seattle 


1954—Boeing’s Seattle plant as it appears today. New Engineering Building is shown in foreground. 


Is career stability important to you? 


Then the chart below will be of interest. 
it shows that 46% of Boeing’s engineers 
have been with this company for five 
or more years; 25% have been here 10 
or more years, and 6% for 15 years. 


Leiba 10% 20% 
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One reason for this stability is that 
3oeing has grown steadily for 38 years, 
providing plenty of room for advance 
ment. Another reason is the highly in 
teresting type of work at Boeing, such 
as designing and building America’s first 
jet transport and the revolutionary B-47 
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and B-52 jet bombers, as well as work 
on pilotless aircraft, supersonic flight 
and research in nuclear-powered aircraft 

Still another reason is this: Boeing 
always has put dominant emphasis on 
engineering development. Pioneering in 
this field has meant that Boeing con 
stantly has increased its enginecring staff 
in relation to total employees. Fifteen 
years ago, one out of 16 employees was 
in engineering. Five years ago the pro 
portion of engineers had been raised 
to one in ten and today it has climbed 
to one in seven. 

Boeing has rewarding openings for 
engineers of EVERY category—electri 
cal, civil, mechanical, aeronautical and 
related fields, as well as for applied 


physicists and mathematicians with id 
vanc ed degrees. 

Careers at Boeing afford a wide vari 
ety of experience in research, design and 
production, as well as work with new 
materials and techniques, and contacts 
with a cross section of industry through 
Boeing's vast subcontracting program. 

Boeing promotes from within and 
holds regular merit reviews to assure in 
dividual recognition. Engineers are en 
couraged to take graduate studies while 
working and are reimbursed for all tui 
tion expense. 


For further Boeing career information 
consult your PLACEMENT OFFICE, or write 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash 


SOLAN & 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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missouri river basin: 
problems and development 






by Emmanuel P. Papadakis, "56 





MISSOURI RIVER BASIN saab 
FLOOD CONTROL PROGRAM 





The magnitude of the Missouri River basin and 
the variety of geological and hydrological condi- 
tions prevailing within it are hard to comprehend. 
The area of the Missouri River basin is one-sixth 
that of the United States, about 500,000 square 
miles; the basin contains major portions of ten 
mid-western and northwestern states including 
Nebraska in its entirety and parts of Missouri, 
Kansas, Iowa, North and South Dakota, Montana, 
Wyoming, Colorado, and a slice of Minnesota. The 
climate varies from humid in the southeastern 
plains area to semi-arid in places further west and 
north. The topography is just as diverse; the east- 
ern half of the basin is the Great Plains area while 
the western and southwestern region is in the 
Rocky Mountains along the Continental Divide. 
Parts of the basin lie in the Corn Belt and other 
parts in wheatland, cattle country, and mountain 
vacation lands. The average annual precipitation 
in the basin decreases from 42 inches at the mouth 
of the Missouri River at St. Louis, Missouri, to less 
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than twelve inches in some of the semi-arid areas 
in the northwestern part, and then rises again in 
the mountains because of the heavy snows there. 
The extremes of altitude in the basin are 600 feet 
above mean sea level at St. Louis and 14,000 feet 
in the mountains. The slope of the channel of the 
Missouri River after leaving the mountains, varies 
from about eight-tenths to a foot per mile along 
the remainder of its length. 

The drainage of the Missouri River is to the 
northeast in Montana and Wyoming, eastward and 
southward across the Dakotas, and to the south- 
east the rest of the way to the junction of the 
Missouri and the Mississippi Rivers The work of 
the Wisconsin Glacier made the area above Yank- 
ton, South Dakota, suitable for building giant 
reservoirs by creating a deep channel through the 
high foothills in the area. Although this old chan- 
nel is largely filled with alluvial earth while the 
river flows in a much smaller bed, the foothills 
remain to hold the water if dams are built between 


THE TECH ENGINEERING NEWS 









them. The lower valley is old and covered with rich 
soil making it an area generally much more pro- 
ductive than the upper valley. The population of 
the basin is concentrated in the lower valley on 
the excellent farm land and in the industrial- 
mercantile cities like St. Louis, the two Kansas 
Cities, St. Joseph, Omaha, and Sioux City. 

The problems of the Missouri River basin arise 
from its topography, hydrology, climate, and in- 
dustries ; all the problems have one prime factor— 
water. In the area the water problems center 
around the Missouri River. The northwestern and 
western states in the basin have insufficient rain- 
fall to sustain much farming; therefore crops in 
that region must be irrigated. The situation is 
completely reversed in the lower valley. There 
every year there is the danger of destructive floods 
—too much water. In such floods millions of dol- 
lars of damage is done to industries, farm land, 
and private property. On the other hand, there are 
times when so little water flows that the health and 
sanitation facilities of the river cities are in dan- 
ger. Needless to say, navigation on such a capri- 
cious river must be irregular if not non-existent. 
Other problems such as the need for electrical 
power if the economy of the region is to grow must 
be faced in the Missouri River basin. 

The obvious solution to the problems was to con- 
trol the erratic Missouri River. But would this be 
possible? How much useful work could the river, 
once harnessed, do? What would the probable suc- 
cess of an attempt to control the river be? How 
much control would be economically feasible? 
These questions and many more had to be an- 
swered before any control operations could be in- 
stituted. 

From the early days of United States history 
the building and maintenance of navigational fa- 
cilities in rivers and harbors has been under the 
jurisdiction of the Army Corps of Engineers. 
Since the Corps of Engineers had already been 
working on minor navigational facilities on the 
lower reaches of the Missouri and since it was the 
logical group to handle the magnitude and inter- 
state nature of the problems, the Corps was given 
more and more duties in the basin. These included 
responsibility for flood control as provided in the 
1936 Flood Control Act. 

In the 1930’s the first dam on the main stem of 
the Missouri River, Fort Peck near Glasgow, Mon- 
tana, was built by the Army Engineers. Although 
the original purpose of the dam was to store water 
for navigation downstream, the capabilities of the 
dam were broadened by the building of a hydro- 
electric power plant at the site. The present com- 
prehensive plan for the development of the water 
resources of the Missouri River basin was framed 
in the Flood Control Act of 1944, the famous Pick- 
Sloan plan. The Act of 1944 provided for the co- 
ordination of the activities of the Bureau of Recla- 
mation and the Army Engineers in the Basin, and 
for the delineation of the spheres of influence of 
these two agencies.. The scope of the work of the 
Army Engineers was enlarged to include flood 
control and the providing of water for irrigation, 
and for the production of hydroelectric power as 
well as for navigation. Specifically the Corps was 
authorized to build five more dams on the main 
stem of the Missouri River, to provide for a nine- 
foot deep navigation channel and erosion control 
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project from Sioux City, Iowa, to the junction of 
the Missouri with the Mississippi near St. Louis, 
Missouri, and to build local flood protection facili- 
ties and agricultural levees along the same dis- 
tance. The construction work on the dams alone 
including Fort Peck which is already completed 
will ultimately cost one billion dollars. Two of the 
new dams, Garrison and Fort Randall, are already 
in operation and will be finished shortly, 

The Bureau of Reclamation is authorized to 
build many small reservoirs on the tributaries of 
the Missouri River. The primary function of these 
reservoirs will be to store water for irrigation, but 
flood control storage will be provided in most 
cases. Under flood conditions when the storage 
allotted to flood control in any reservoir is in- 
volved, the scheduling of the reservoir releases is 
turned over to the Corps of Engineers, so that the 
intricate work of prediction and control of floods 
is under the direction of one head, The nerve cen- 
ter of the reservoir system on the Missouri River 
is the office of the Missouri River Division of the 
U. S. Army Engineers which coordinates this 
function with the basin states and other Federal 
agencies. 

The main stem dams on the Missouri River are 
built of compacted earth fill with concrete spill- 
ways, power tunnels, and other structures. As the 
comprehensive plan envisioned it, the function of 
the reservoirs is to store destructive flood waters 


FORT PECK RESERVOIR STORAGE 
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A reliable 
material 
for 
permanent 


construction © 


Where installations are planned for long-term 
service to assure low cost per service year, engineers 
rely on cast iron pipe as a dependable and adapt- 
able material. Consequently, it is specified for a 
wide variety of applications, both utility and in- 
dustrial, including water supply, sewerage, fire 
protection, process industries and many forms of 
special construction. Long life and low maintenance 
cost are proved results of the high beam-strength, 
compressive-strength, shock-strength and effective 
resistance to corrosion of cast iron pipe. Cast Iron 
Pijsxe Research Association, Thos. F. Wolfe, Manag- 


ing Director, 122 So. Michigan Ave., Chicago 3, Il. 
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river at Newark, Ohio. 


Cast iron water main still functioning in Philadelphia 
after 135 years of service. 
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Search is exciting! 


Scientists are constantly probing deeper into the secrets of nature 


— bringing new and better things to you 


AS THE PROSPECTOR thrills to the search for treasure, 
so does the scientist as he searches out the secrets of 
the earth, air, and water. 


THE TREASURE that the scientist seeks is better un- 
derstanding of nature, and ways to bring better living 
for all of us. To find them, he is constantly probing, 
taking the elements apart, putting them back together 
in different ways—always looking for something new 
and promising. 

How important is such research? Today, more than 
one-third of the work of the people of Union Carbide is 
in providing products and processes that did not exist 
in commercial quantities 15 years ago. Each new prod- 
uct, each new process, was borr: of intensive search. 


FROM CHEMICALS TO METALS—The results of these 
achievements are serving all of us today—chemicals 


UCC’s Trade-marked Products include 
SYNTHETIC ORGANIC CHEMICALS —ELECTROMET Alloys and Metals 
EVEREADY Flashlights and Batteries LINDE Silicones Dynel Textile Fibers 
PREST-O-LITE Acetylene 


BAKELITE, VINYLITE, and KRENE Plastics 


January, 1955 


for life-saving medicines and many other uses...a wide 


range of carbon and graphite products... oxygen for 
the sickroom and industry...a variety of wonderful 


new plastics . . . alloying metals for stainless and other 
fine steels. 

SEARCH ... RESEARCH? To the scientists of Union 
Carbide, search and research are the same—an excit- 
ing key to a brighter future for all. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 


opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES and Pastics. Write for booklet M-2. 


Unrton CARBIDE 


AND CARBON CORPORATION 
30 EAST 42ND STREET UCC} REV YORE 17, BN. F¥ 
In Canada: UNION CARBIDE CANADA LIMITED 





HAYNES STELLITE Alloys UNION Carbide LINDE Oxygen 
PRESTONE Anti-Freeze NATIONAL Carbons 
PYROFAX Gas ACHESON Electrodes 
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FORT PECK RESERVOIR-REDUCTION IN PEAK INFLOW 
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and to release the stored water when it is needed 
for navigation, irrigation, and power production. 
To this end the reservoirs are operated in the fol- 
lowing manner: In each of them a certain volume 
of water is held in Inactive Storage to maintain 
the necessary pressure head for power production 
and irrigation diversions and to permit sediment 
retention, recreation, and the growth of fish and 
wildlife. A certain volume of storage space over 
and above this inactive minimum is reserved as 
Joint Use or Active storage. Water here is used 
for irrigation, navigation, flood regulation, pro- 
duction of power, sanitation, recreation, conserva- 
tion of fish and wildlife, and municipal water 
supply. The remaining storage capacity is for flood 
control. 

The water in Inactive Storage is never used 
under any circumstances, while the water allo- 
cated for Joint Use is released as needed. It is the 
function of the Joint Use part of the capacity of 
the reservoir system to store flood waters and 
excess runoff from year to year to provide surplus 
water in periods of drought. The main stem reser- 
voir system was designed to hold enough water in 
Joint Use storage to supply the basin in a severe 
ten-year drought, such as that experienced in the 
1930’s. In such a period only navigation would be 
impaired by possible reduction of the normal navi- 
gation season. The storage capacity allocated to 
Flood Control is operated in two sections, the first 
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kept partly full during the flood season and emp- 
tied gradually before winter and the second held 
empty for emergencies. This emergency part is 
emptied as soon as possible after a flood by re- 
leasing water fast enough to keep the river run- 
ning at bank-full stage. 

It is interesting to note that the total storage 
capacity in the reservoir system, 75 million acre- 
feet, is enough to store all the water passing Sioux 
City for three years. 

There are tremendous problems encountered in 
operating such a tremendous reservoir system. 
One of the problems involves travel time, that is, 
the time necessary for water passing one point in 
the river to reach a point downstream, For in- 
stance, it requires seven days for water passing 
Yankton, South Dakota, (site of Gavins Point 
dam, now under construction) to reach Kansas 
City and twelve days to reach the mouth of the 
river. Suppose the emergency part of the Flood 
Control storage capacity at Gavins Point were be- 
ing emptied making the river flow at bank-full 
stage. Within the next seven days heavy rains 
downstream from the dam could precipitate a 
major flood at Kansas City. Such a situation is 
entirely possible because run-off from the plains 
area in the spring and from the mountain snows 
in June is often of flood proportions and because 
ven rains often occur in the lower basin at those 

imes. 
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Concurrence of several flood- 
producing situations in different 
parts of the basin at different 
times can. produce tremendous 
floods. By the same token, a 
series of water-storing events 
could cut down any flood to a 
size incapable of causing dam- 
age. One of the figures illustrates 
this ability very clearly, showing 
the effect the reservoir system 
could have made upon the flood 
of April, 1952, had all the reser- 
voirs been completed then. The 
1952 flood was caused by the 
rapid thawing of great quanti- 
ties of snow lying on top of a 
hard-frozen crust of ice on the 
plains, Almost all the water from 
the snow-melt found its way to 
the river. The combination of 
flood walls and levees, millions 
of man-hours of emergency la- 
bor, and the storage in the Fort 
Peck reservoir saved the Omaha- 
Council Bluffs area from an esti- 
mated 61 million dollars’ worth 
of damage. The Fort Peck reser- 
voir is credited as having been 
indispensable in 1952, and since 
its completion in 1938 it has sub- 
stantially repaid its cost in flood 
damage averted. 

The flood of 1951 which caused 
so much havoc in Lawrence, To- 
peka, and Kansas City, Kansas, 
and in Kansas City, Missouri, 
was caused by incessant heavy 
rains in the Kaw River basin. 
The Kanapolis reservoir on the 
Smoky Hill River, a tributary of 
the Kaw, helped to reduce the 
damage at the cities listed. 

The system of reservoirs on 
the Missouri River is required to 
supply part of the water needed 
to maintain the nine-foot deep 
navigation channel from Sioux 
City to St. Louis. Although the 
channel is not stabilized above 
Omaha as yet, the flow of water 
at Sioux City must be maintain- 
ed at 30,000 cubic feet per se- 
cond from March through No- 
vember to satisfy downstream 
needs. 

In 1954 the river carried 287,- 
000 tons of cargo. The expendi- 
ture for navigation is economi- 
cally feasible, for it is estimated 
that it will carry five million tons 
ultimately. At present there are 
six barge lines on the river: two 
common carries and four con- 
tract lines. Success for the navi- 
gation ventures is expected, for 
the precedent for it has been set 
by the traffic on the Mississippi 
River up to and down from Min- 
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Hughes Research and Development 
Laboratories areen gaged inacontinu- 
ing program for design and manufac- 
ture of integrated radar and fire con- 
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera- 
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in development of 
radar fire contcol systems, electronic 
computers, and other advanced elec- 
tronic systems and devices. 

Your effort in the field of engincer- 
ing writing through these publica- 
tions transmits information to other 
engineers and technical personnel on 
operation, maintenance and modifi- 
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be- 
come familiar with Hughes equip- 
ment. Seminars are conducted by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 
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Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 
Donald King to compile handbook information. 







































Keeping 
3 million pounds 
on an even keel 











with DENISON 


hydraulic equipment 


EEPING a giant power shovel on 
K an even keel is a tricky job. 
Especially when the machine weighs 
3,000,000 pounds and handles 45 cubic 
yards with one scoop. Denison hydraulic 
equipmenc does the job dependably 
—and inexpensively. 

With Denison pumps and valves 
controlling the hydraulic levelling jacks 
located at the four corners of the shovel 
base, the giant machine stays level— 
regardless of terrain. 

Denison hydraulic pumps, fluid 
motors and controls power many types 
of machinery—large or small. For 
interesting facts about putting oil hy- 
draulics to work for industry, write us. 
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DENISON E* GINEERING COMPANY 
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Leading Designer and Manufacturer of 
Hydraulic Presses and Components 
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neapolis-St. Paul, the Illinois Waterway, and the Ohio River, All of 


these waterways are carrying more than the predicted traffic on 


| which their economic justification was based. The detailed calcula- 


tions performed before the Flood Control Act of 1944 was drafted 
showed that there would be sufficient traffic on the Missouri River 
to justify the expenditure on navigation projects and that there 
would be enough water in the reservoir system from storage of flood 
waters to sustain navigation on the river below Sioux City. 


Part of the water used for navigation or dumped from Flood 
Control storage is used to produce hydroelectric power for the basin. 
This power has been a great boon to the area for use in farms and 
industry; more power will allow the productivity of the region to 
expand to the fullest possible extent. The power produced by the 
Corps of Engineers and marketed by the Bureau of Reclamation 
brought in revenue at the rate of about 1 million dollars a year in 
1950. As more generators go on the line at the new reservoirs, that 
figure should be doubled, redoubled, and doubled again. By 1963, 
installed generating capacity should reach 1,500,000 kilowatts and 
revenues approach 40 million dollars. 


Irrigation, too, will benefit from the main stem dams built by 
the Army Engineers. In 1940 there were 4,400,000 acres of land 
under irrigation in the basin. New land, 5,356,000 acres of it, can be 
supplied under the development program. Also, supplementary 
water will be supplied to 2,000,000 acres of land already under irri- 


| gation. The expanding agricultural production on irrigated land will 


help stabilize the economy of the upper basin and provide steady 
income for the many families whose jobs are presently affected by 
the unpredictability of their water supply. 


As we have seen, the program of development in the Missouri 
River basin has helved the economy of the region and will help it 
more in the future by controlling floods, producing electric power, 
and providing water for irrigation and navigation. The Army En- 
gineers are a key Federal agency in this program, and as such have 
great responsibilities in the basin. As their work progresses, in co- 
operation with the Basin States and other Federal Agencies, more 
and more people will feel the impact of the changes being made to 
harness the Missouri River for mankind. 
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What effect 
would an advanced 
degree have on 
my opportunities 
for advancement 
at Du Pont? 





Dr. Sheldon Isakoff received his Ph.D. degree in 

Chemical Engineering from Columbia University 

j in 1952, doing his graduate research work on the 

| problem of heat transfer in liquid metals. Since 
graduation he’s been engaged in fundamental re- 
search work at the Du Pont Experimental Station, 
Wilmington, Delaware. Dr. Isakoff is now a Re- 
search Project Engineer in the Engineering Re- 
search Laboratory. 


Are you interested in research work? 


About 2000 Du Pont scientists are cur- 
rently engaged in research, aided by some 
3500 other employees. Laboratory facilities 
of the highest quality are available at the 
Du Pont Experimental Station near Wil- 
mington, and elsewhere throughout the 
country. Full information about research 


work at Du Pont is given in ‘“The Story of 
Research.”’ Write for your copy of this free 
28-page booklet to E. I. du Pont de Ne- 
mours & Co. (Inc.), 2521 Nemours Build- 
ing, Wilmington, Delaware. 
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Bill Zartman wants to know: 















Sheldon Isakoff answers: 


An advanced degree would undoubtedly have a favorable effect 
in technical work, Bill, but let me enlarge on that just a little. 
In my own field—chemical engineering—a doctorate is consid- 
ered to be evidence of demonstrated ability in carrying out 
original research. An advanced technical degree is therefore 
helpful in obtaining work in research and development, where 
that skill is definitely important. You might say it gives a man 
a head start in proving his ability in those areas. 


It’s less important in some other areas, though. For example, 
in production or sales work a manifest ability for handling 
human relationships is just as important for advancement as 
technical competence. If an engineer is sold on production work 
or sales, a graduate degree in marketing or business adminis- 
tration might be more helpful to him than advanced technical 
training—in getting started. 


But I’ve noticed this at Du Pont. Once a man lands a job in 
his chosen field and actually begins to work, his subsequent 
advancement depends more on demonstrated ability than on 
college degrees. That’s true throughout the entire company — 
in scientific work, administration, or what not. 


So an advanced degree is not a royal road to anything at 
Du Pont, Bill. But when coupled with proved abilities, an ad- 
vanced technical degree is unquestionably helpful to a man in 
research and development work. It often gives him a chance to 
demonstrate his abilities more rapidly. 





William N. Zartman is studying for a B.S. in Chemical Engineering at the 
University of Illinois. Last summer he worked in the Technical Laboratory at 
Du Pont’s Chambers Works to gain industrial experience. He has not yet 
selected a permanent employer, however; and right now he’s asking the kind 
of questions which will help him select the right job and plan a successful career. 
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In the second week of June 1954 the Supreme Court surprisingly reversed (vote 
was 5 to 3) the decision that the Federal Power Commission (IF°.P.C.) had made in 
1951. The F.P.C., before June, had held that they exercised no authority to regulate 
the price of natural gas at the wellhead, but now, since the ruling on the Phillips 
Petroleum case, they have to enforce, in Orders 174 and 174a, a power which they do 
not want. Politically, it is a war between the consumer and the producer. The con- 
sumers argue that gas prices cannot be properly controlled unless the sale of gas 
from the well to the pipeline is regulated. The producers say that contrary to popu- 
lar thought the price of natural gas will rise if the production price is regulated, and 
the producers hope to prove their point to the consumers in time to pass favorable leg- 
islature this month in both houses. 


A recapitulation of the gas industry shows that most of the natural gas comes 
from our major oil fields. Approximately 4100 independent producers are supplying 
the energy needs of our nation. The independent producers sell their gas to the pipe- 
lines, which are regulated, and they in turn supply the gas to the consumer. As in 
numerous other goods, the major cost of gas to the consumer consists of handling and 
distribution charges, whereas, less than ten percent of the total cost is, on the other 
end of the pipeline, paid to the producer. It is important, therefore, to point out that 
regulation of the producer will result in no appreciable change in price to the con- 
sumer. In fact even if regulation were successful in effecting a ten per cent decrease 
in price at the wellhead, the resulting decrease to the consumer would be less than 
one percent. 


Why are the pipelines regulated and the producers not? The piplines have two 
important privileges; the right of eminent domain and the privilege of semi-monop- 
oly. Prospective pipeline builders submit to the governmental authorities their plans, 
estimated costs, etc. Upon approval they may lay their pipeline across a man’s prop- 
erty, whether he likes it or not, with a guarantee of payment to the landowner by 
arbitration. Once the line is in, no other pipeline is allowed, unless the demand for 
gas warrants expansion. Although the pipeline rates are regulated the rates are such 
that, through a period of years, the capital is returned and usually a six per cent re- 
turn on the investment is realized. These rights and privileges are not available to 
the producers. They do not have a semi-monopoly or the right of eminent domain; 
and they should not have. The producer must rely upon his own capital to find and 
exploit natural gas. Even with all the scientific aids of modern geology, finding such 
reservoirs is a risky business since the present success ratio is one to nine (the aver- 
age hole costs approximately $100,000.00). How could a regulating body fairly set 
rates for 4100 independent producers, whose luck sometimes fails in a series of 
dusters? Regulation of this sort would entail a bureaucracy to end all bureaucracies. 
Such regulation, if attempted, would force the producers to reduce exploration costs, 
which would finally result in less production and smaller reserves. This procedure 
would be unwise at a time whe nour reserves are being alarmingly depleted, while our 
consumption continues to increase. In 1946 our estimated reserves were adequate for 
thirty-two years, while in 1953 we had only a twenty-three year reserve. Also, in the 
last ten years the use of gas for our nation’s energy needs has doubled. Gasmen have 
already talked of a sharp cutback in new exploration and drilling, rather than take 
the great risks entailed with little profit. Clearly, from this viewpoint alone the regu- 
lation of gas producers would be inadvisable, for a reduction in supply would cer- 
tainly result in an increase of price. 


At this moment the price of gas is controlled by the price of other energy com- 
modities, such as coal and oil. If the price of one of these were to increase, the usage 
of the others would become popular. A natural set-up of checks and balances is there- 
by maintained. If the price of one were regulated it would be but a matter of time 
before the others were. How could government regulation, slow in reaction-time, pos- 
sibly cope with the naturally balancing fluctuations of price? How could government 
regulation be flexible in order to meet normal fluctuations? No such artificial regula- 
tion is possible. Nor should we want such regulation. Regulation has a place in ow 
economy. When a few large corporations control the motion of a nation, those corpo- 
rations should be supervised, but when legislation is intended to govern 4100 inde- 
pendent gas producers, then the government is needlessly hobbling the nation’s econ- 


omy. 
K. R. K. 








BOE’NG 68-52 






NORTH AMERICAN F-100 


ae planes are some of America’s 
newest, biggest, best — setting new 
CONVAIR F-102 standards for speed, maneuverability, 
reliability. | 










Widely separated airframe engineer- 
ing groups developed these record i 
makers. Yet each plane has one vital i! 
feature in common — 







the engines are Pratt & Whitney 

Aircraft’s J-S7 turbojets — the most 

DOUGLAS A3D powerful production aircraft engines } 
in the world! 








= Is it any wonder that so many young 
\N engineering graduates want to work for 

rr the world’s foremost designer of air- 
=< craft engines? 
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Introduction 


Relativity, like light, time, arithmetic, and many 
other things, is something which everybody can 
talk about and work with, and yet something 
which few people can understand. For example, 
we all learned to use arithmetic in the early grades 
without ever having had any preparatory courses 
in number theory. Similarly, this article will make 
no attempt to lay bare the deep philosophical im- 
plications of the special theory of Relativity 
(mainly because the author doesn’t understand 
them himself), but will merely give a simple 
method by which anyone, with an understanding 
of high school algebra, can derive these equations 
for himself. 

Because we will be limiting ourselves to lower 
mathematics, some of the algebra involved will 
become quite messy, although it will still be 
straightforward and understandable. The other 
disadvantage in using lower mathematics will be 
that the derivations of some of the equations will 
not be as rigorous as they might be with higher 
mathematics. In fact a really critical reader, es- 
pecially one with an understanding of the philos- 
ophy of relativity and of higher mathematics will 
be able to tear parts of this article to pieces. For 
example, the mathematical device most used in 
this article will be the cartesian coordinate system, 
and yet how do we know that this method of de- 
scribing points in space is valid under all condi- 
tions? We don’t know, and we don’t know enough 
to prove it either, so we will have to accept it. 

With these things in mind, let us proceed to see 
how length, time, and mass in one reference sys- 
tem are related to length, time, and mass in an- 
other reference system, which is the main subject 
of the Special Theory of Relativity. 


Part I. Basic Ideas and Assumptions 


One of the tacit assumptions which classical 
physics makes, and one which 
Einstein had the genius and 
courage to doubt was that time 
was an invariant quantity in the 
universe. The classical physicist 
would say that fifteen seconds is 
fifteen seconds long whether it is 
measured by someone standing 
on the ground or by someone fly- 
ing in an airplane at a velocity 
v with respect to the ground. It 
turns out, as we shall soon see, 
that Einstein was correct in not 
assuming that time is not invari- 
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ant. In fact, the fifteen seconds is longer in the air- 
plane than on the ground. 

Since we aren’t going to be able to assume that 
time is invariant, we will have to introduce it into 
our calculations as a fourth variable. In mathe- 
matics, the physical significance of a dimension is 
a variable. If we have four variables, we have four 
dimensions. Our physical space is therefore four 
dimensional. Three of these dimensions are spatial, 
and one is temporal. (That is, we measure space 
along three of them and time along one of them.) 
We already have the convention of representing 
the first three dimensions by the X, Y, and Z axes. 
Let us represent the fourth dimension by the W 
axis. Then a point in our four dimensional coordi- 
nate system would be uniquely described by the 
coordinates (x, y, Zz, W). A question which wouldn’t 
occur to most people i is should we make this fourth 
dimension pure time, or some function of time? It 
would seem only natural to make the W axis meas- 
ure pure time so that we would mark off on the W 
axis units of time, like seconds, just as we mark 
off on the X, Y, and Z axes units of length, like 
feet or meters. However, it turns out to be much 
more fruitful to call the W axis not pure time, but 
cit, the product of the speed of light (c), the 
square root of minus one (i), and time (t). This 
fact may be rather hard to accept on faith, so the 
following argument is offered to convince the 
reader. 

Figure 1 represents two systems of reference S 
and S’ with observers in them. S’ is moving with 
a velocity v with respect to the S system. (S’ may 
be an air plane or something. ) Point P represents 
an event, since its position in space is given by the 
x, y, and z coordinates of the point, and the time at 
which it is happening is given by its w coordinate. 
An observer in the S system would describe point 
P by the numbers x, y, z, and w, while an observer 
in the S’ system would describe point P by the 
numbers x’, y’, z’, and w’. (Notice that we are not 
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fig. 2 


assuming w—w’, or in other words, that the event 
appeared to happen at the same time for both ob- 
servers.) If the observers were at the origins of 
their reference systems, the distance s from them 
to the point P would be ct, since they would be ob- 
serving P by the light which comes from it, and 
since distance—velocity X time, s—ct for the S 
system, and s’—c’t’ for the S’ system, At this point 
we make the fundamental assumption of the Spe- 
cial Theory of Relativity, namely, that the speed 
of light is an, in fact the invariant quantity of the 
universe.* Therefore, cc’ and hence s—ct and 
s’—ct’. Now then, what relation exists between 
X,, Y, Z, W, and s and also between x’, y’, z’, w’, and 
s’? This question is easily answered by the theorem 
of Pythagoras. 

In a two dimensional space, fig. 2a, s?=x?+y’. 
In a three dimensional space, fig. 2b, s°==x’?-+-y?+ 
z2, as can be easily shown by applying the Pyth- 


*This statement means that if a source of ligth were 
coming toward you with say ™% the speed of light, and 
the light itself was coming from the source with the speed 
of light, then the light would be coming toward you with 
only the speed of light, and not 1% times the speed of 
light, as we would ordinarily expect. This postulate has 
considerable experimental verification. For example, the 
light coming from a double star would not behave as it 
does if the speed of light varied with the speed of its 
source. It should be pointed out however, that this postu- 
late applies only to light propagated through the same 
medium. It is a well established fact that light slows up 
when passing from one medium to another of greater 
density. This explains the refractive powers of various 
transparent substances such as glass and water. 


agorean Theorem twice. It fol- 
lows by analagous reasoning 
(which is dangerous) that in a 
four dimensional space, 
s?—=x?+y?+2?+ w? 

If the observers in the § and 
S’ systems use the 3D version of 
the Pythagorean Theorem on 
their data concerning the special 
coordinates of P, they will get 
respectively 

2—y24y247? 
and 
gta’ -}-y'4 +9" 
and since s—ct and s’—ct’, 
c*t?—=x?+ y?+2? 


and c'2t/2— "2 -+-y’2-+-22 
or x?+y?+27—c*t#—0 (1) 


and x’2+y”?+z7—c t2=0 (2) 


Notice that equations (1) and (2) have the same 
form as 
x?+y?+z?+w2=s? 
provided that the s? of this equation equals 0. 
(That is, the observer is at the origin of this 4D 
coordinate system.) Therefore, if an observer is at 
the origin of a 4D coordinate system, then 
x?+y2+2z?2+w2=0 
but x?+y?+z?—c?t?—0 
Therefore w= —c?t? and sow=cit Q.E.D. 
Now that we have discussed a four dimensional 
coordinate system, and have shown that the fourth 
dimension must be cit, we are prepared to go into 
the Lorentz Transformation, which is the magic 
key to relativistic physics. 


Part II The Lorentz Transformation 

Referring to figure 1, we see that we have two 
sets of information concerning point P, This in- 
formation in the § system is x, y, z, and w, but in 
the S’ system, it is x’, y’, z’, and w’. The problem 
set before us is to find a relationship between x 
and x’, y and y’, z and z’, and w and w’. We can 
simplify the relations between the y’s and z’s by 
letting the S’ system move in such a way that the 
xX axes are coincident, and the y and z axes are 
respectively parallel to the y’ and z’ axes, as is 
shown in figure 1. Then obviously yy’ and z—=z’, 
since these coordinates of P never change as S’ 
moves along the x axis. Therefore, we will only 
need to concern ourselves with the problem of 
finding a relation between x and x’ and w and w’. 

We now need a convenient and concrete way of 
expressing geometrically the relative velocity be- 
tween the primed coordinate system and the un- 
primed coordinate system. Perhaps the easiest way 
of doing this is to superimpose the primed system 
on the unprimed system so that their origins coin- 
cide, and then represent the relative velocity be- 
tween them by the amount of rotation of one sys- 
ese with respect to the other. Figure 3 makes this 
clear. 

The size of angle @ is a measure of the velocity 
between S’ and S. (The Y and Z axes have been 
left out of this diagram, since it would only clutter 
things up to try to draw a perspective of a four 
dimensional coordinate system on a two dimen- 
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sional surface. We are no longer interested in the Y and Z axes any- 
way, since we now know that the relation between them is one of 
simple equality if the S’ system is moving with respect to the §S sys- 
tem in the way described above.) In order to find the exact func- 
tional relationship between 9 and v, take any point P on the W’ axis 
and call its coordinates with respect to the unprimed system x and 
w. Hhen by simple trig, sino—x/r and cos¢é—w/r. But by the Pyth- 
agorean Theorem, r’=x?+w? and since w=cit, r?—x’—c?t? 
but x=—vt so r=—v*t?—c*t? ——t?(c?—v?) 


r* =c*t?(i-¥) 
t = 


therefore, 
2 2 
r=cityi-a = wi-% 


x . 
substituting forr,  “9"ce7~ ¥ or, since x=vt, 


SIND “ate 


In like manner, 


We now have 4 expressed in terms of v. 

Figure 4 represents the S and S’ systems as in figure 3. Point P 
represents an event which is described by an observer in the S sys- 
tem by the numbers x and w and by an observer in the S’ system by 
the numbers x’ and'w’. The problem of finding x’ in terms of x and 
finding w’ in terms of w is now nothing more than a problem of 
transformation of coordinates. Looking at the figure, we see that 
OA—OB—AB—OB—CD. It is easy to see by geometry that the 
little angle up at P is 9. Therefore, we see by tri ig that OB—x cos@ 
and CD=w sing. And since O0A—x’, we have x’—x cos$—w sind. 


Substituting into this the values of sing and cos¢, we get 


x= r= - cit aE) 


2 
~ *+t'tv 


Therefore, (3) 


Similarly, from the figure, PA—PD-+-DA—PD+CB 
Since PAw’, PD—w cos, and CB==x sing, 
w’—w cosd + x sing 


ss 


Therefore, 
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WORK ON NEW YORK’S 
PLAYGROUND 


The Navy’s new supersonic Tiger, de- 
signed and built by Grumman, opens a 
new era for jet fighters. You can get in 
on the beginning, plus working on other 
jet fighters, anti-sub planes, and 
amphibians. Grumman has openings for 
experienced aircraft engineers and re- 
cent engineering graduates. 


e Wing and Fuselage Designers 
e Hydraulic Engineers 
e Stress Analysts 
e Flight Test Engineers 
Send resumes to Engineering Personnel 
Dept. Interviewsat Employment Office. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE + LONG ISLAND + NEW-YORK 





Equations (3) and (4) are the Lorentz Trans- 
formation equations, We now have the relation be- 
tween x’ and x and between t’ and t that we were 
looking for. With these equations, we are at last 
ready to unlock the door to the marvels of rela- 
tivistic physics. 


Part III Relativistic Length—Contraction in 
Direction of Motion. 


It is very difficult for most people to believe that 
a body in motion contracts in the direction of its 
motion. The only reason this seems strange, is just 
because we’ve never experienced such a contrac- 
tion before. The reason nobody has ever experi- 
enced this contraction before is because nobody 
has ever been able to produce velocities great 
enough to make this contraction noticeable. 

Let us now show mathematically that a contrac- 
tion does occur, and also find out quantitatively to 
what extent this contraction takes place. 

A person in the moving S’ system has a stick. To 
him, the stick appears to be at rest, and he meas- 
ures its length to be 1,. What length 1 d6es this 
stick appear to be to an observer in the S system? 
Let us have the observer in the S’ system place the 
stick on the X’ axis so that the coordinates of its 
ends will be (x’,,0) and (x’.,0). Then, by equation 
(3) of the Lorentz Transformation, 


Az ~vt 


Vi-% 


X= 





7 REFRIGERA TION HELPS MAINTAIN 
5,000 M.P.H. SPEEDS IN WIND TUNNELS 


For testing aircraft at speeds up to 5,000 m.p.h., the 
National Advisory Committee for Aeronautics operates sev- 
eral large wind tunnels at Ames Aeronautical Laboratory near 
San Francisco. 

The energy expended in compressing the air to over 72 
pounds pressure would result in overheating and excessive 
water content, but for the special Frick cooling and condition- 
ing system illustrated. 

Whether your cooling problem involves special equipment 
and techniques, or standard components, Frick Company is 
prepared to provide the finest. Write today for literature 
and quotations. 


DE DEPENDABLE REFRIGERATION SINCE REFRIGERATION SINCE 


4 yea t PENNA. 
The Frick Graduate Training Course in Refrigeration and 
Air Conditioning, offers a career in a growing industry. 





‘ P Xe-vt -a, +vt 
y-x-h = Sa 
c* 


subtracting, “= 


solving for 1, 


Since v is not zero, We is always less than 
one, or else imaginary, the length of 1, will appea: 
to an observer in the S system to be shortened by 
anamount /j-#  .Letustakea specific example. 
Suppose we had a space ship which is 100 feet long 
and is traveling at four fifths the speed of light. 
How long does the ship appear to be to an observer 
at rest relative to the space ship? 
v—4/5 c 
1,=100 ft. 


sO 


=f.) = 100)/j- 18% = 100)/-8 = 02-3 - 
oN er '“x5c8 25 Ss 


We see that the space ship has contracted 40 ft. 
Suppose the ship had sees going exactly the speed 
of light. Then -o0yi-G-0fo -[oft] ., Now 
the ship has no length at all! Supposing the ship 
were going faster than the speed of light; then 
v’/c? would be greater than one, and so the quan- 
tity under the radical would be negative, and 
hence the ship would have an imaginary length. 
Since an imaginary length doesn’t seem to have 
any physical significance, we may conclude that 
nothing can go faster than the speed of light. 
However we will meet a stronger argument that 
nothing can go faster than the speed of light, or 
even as fast as the speed of light in Part VI on 
Relativistic mass. 


Why has classical physics been so successful, if 
lengths vary with their velocity? The answer is of 
course that in our everyday lives, the velocities we 
encounter are so small compared to that of light 
that v’/c? for all practical purposes is zero. Then 
we see that the expression for relativistic length 
reduces to the one common to our experience, 
namely 1—1),. 


Part IV Relativistic Time—Dilation of Time. 
Besides length, time also is affected by velocity, 
as is readily seen from equation (4) of the 
Lorentz Transformation. Supposing our observer 
in the S’ system puts a clock at the origin of his 
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reference system. Then the x’ coordinate of the 
clock will always be zero in the s’ system. Then 
the x coordinate of the clock in the S system can 
be found from equation (3) of the Lorentz Trans- 
formation: 


an x-vt 
V -¥ 
If x’=6, 


and so x=vt 
Now by equation (4) of the Lorentz Transfor- 
mation, 


and since x—vt if the clock is at the origin of the 
S’ system, we get 


+- vt 
, ne z 
t= c t t i 


os 


a ra 


The observer in the S’ system now reads a time 
interval on his clock, say from t’=t’, to t’—t’.. 
The observer in the S system is also watching this 
same clock and he records the interval to be from 
t—t, to t—t,. B¥t us denote rest time, t’.—t’,, by 
t, and the same time when measured by an ob- 
server in the § system, °t.—t,, by t. Then we have 
from the equation above, 

subtracting, 


[te = te) 1-e 
2 
ay 


¢ =t yi-2 


= 


tat, = to = tey/i-% - tii -& =(t-t)V-E tyre 
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We see that the factor which makes time in rela- 
tivistic physics differ from time in classical 
physics is just the reciprocal of the factor which 
makes relativistic lengths differ, As can easily be 
seen from the equation above, the greater v be- 
comes, the greater t becomes. In fact if v—c, then 
this means that time has stopped altogether by 
the time v reaches c. But unfortunately for the 
science fiction enthusiast, time doesn’t begin to go 
backwards for velocities greater than c, but in- 
stead becomes imaginary, 

Here, as in the case of relativistic length, we 
notice two things: one; the speed of light seems to 
be a limiting velocity, and two; the reason for the 
success of classical physics is that v?/c? is usually 
so small that the time dilations produced are neg- 
ligible—in fact immeasurable, 

Experimental verification of this part of the 
Special Theory of Relativity has been quite simply 
achieved by noticing that certain atomic particles 
live longer when moving at high velocities. The 
lifetime of these particles, usually mesons, while 
at rest is a characteristic constant of the particles. 
Since the lifetime of the particles can’t be changed, 
the only thing that must have been slowed down 
was the progression of time itself. 





NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY 











IN THE WORLD 


Although best known for design and production of world-famous 
aircraft like the Korea-famed F-86 Sabre Jet and the new, record- 
smashing F-100 Super Sabre ... North American Aviation also 
offers engineers excellent opportunities in other technical fields. 


North American needs engineers with imagination to help 

design and build the aircraft of the future. Other fascinating 
careers are created daily in its rapidly developing guided missile, jet, 
rocket engines, electronic and atomic energy programs. 


When you are ready to enter the engineering profession, consider 
the well-paid opportunities at North American. Meanwhile, 


write for information on your future in the aircraft industry. 


Contact: Your College placement office or write : 


Engineering Personnel Office 12214 South North American 
5701 West Imperial Highway, Lakewood Blvd., Aviation, Inc. 
Los Angeles Downey, Calif. Columbus 6, Ohio 
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ELECTRICAL ENGINEERS 


MECHANICAL ENGINEERS 


electrical and mechanical engineering design and development, 
stress analysis, airborne structural design, electrical and electronic 
circuitry, systems studies, instrumentation, telemetering, electro- 
mechanical test, applied physics problems. 













































Sandia Corporation, a subsidiary of the Western Electric Company, offers 
outstanding opportunities to graduates with Bachelor's or advanced degrees, with 
or without applicable experience. 

Sandia Corporation engineers and scientists work as a team at the basic task of 
applying to military uses certain of the fundamental processes developed by 
nuclear physicists. This task requires original research as well as_ straightforward 
development and production engineering. 


A new engineer's place on the Sandia team is determined initially by his 
training, experience, and talents . . . and, in a field where ingenuity and 
resourcefulness are paramount, he is afforded every opportunity for professional 
growth and improvement. 


Sandia engineers design and develop complex components and systems 
that must function properly under environmental conditions that are much 
more severe than those specified for industrial purposes. They design and 
develop electronic equipment to collect and analyze test data; they build 
instruments to measure weapons effects. As part of their work, they are 
engaged in liaison with the best production and design agencies in the 
country, and consult with many of the best minds in all fields of science. 


* Sandia Laboratory, operated by Sandia Corporation under contract 





























with the Atomic Energy Commission, is located in Albuquerque — in 
the heart of the healthful Southwest. A modern, mile-high city of 150,000, 
Albuquerque offers a unique combination of metropolitan facilities plus 
scenic, historic and recreational attractions — and a climate that is 
sunny, mild, and dry the year around. New residents have little diffi- 
culty in obtaining adequate housing. 
} Liberal employee benefits include paid vacations, sickness bene- 

fits, group life insurance, and a contributory retirement plan. 
Working conditions are excellent, and salaries are commensurate 
with qualifications. 











A limited number of positions for Aeronautical Engineers, 
Mathematicians, and Physicists are also available. 


Make application fa: PROFESSIONAL EMPLOYMENT 
Division A-14 










Or contact through your Placement Office the Sandia 

Corporation representative with the Bell Telephone 

System College Recruiting Team for an ” 
interview on your campus. 


Cui 


SANDIA BASE ALBUQUERQUE, NEW MEXICO 
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the hydrodynamics laboratory 


by Malcolm A. MacLeod, '55 


The pictures on this page represent the photographer’s impressiuns of a visit to the towing tank 
located in the hydrodynamics lab in building 48. They are far from being a comprehensive coverage of 
the activities there, but perhaps will serve to show how modern scientific research methods are used in 
the present-day stage of an age old problem, the design of better ships. 


A ferry boat model undergo- 
ing a still water run. The model 
is guided along the center of the 
tank by a wire attached to the 
bracket amidship. The seawor- 
thiness and stability of the 
models can be determined from 
the various tests done on them. 


One of the two main guide pul- 
leys is checked by Wachnik. A 
system of weights and pulleys is 
used to propel the models. whose 
speed may be measured to an 
accuracy of 1/1000 of a knot by 
means of electronic apparatus. 
(See frontispiece for a close-up 
of the pulley system. 





A rim attached to the second 
main guide pulley has 2,000 
small slits along the edge 
through which a light is directed 
on a phototube, which Mr, Wa- 
chink is pointing to. The number 
of slits going by per second is 
directly proportional to the velo- 
city of the model, which may 
thus be determined by means of 
an electronic integrating circuit. 


This machine makes waves in 
the tank for tests under a vari- 
ety of conditions. The wave- 
length may be adjusted by vary- 
ing the speed of the motor in the 
background, and the amplitude 
may be varied by changing the 
eccentricity of the cam-mounted 
driveshaft. 





One of the models undergoing 
a rough water test. The waves in 
this case are quite large, since 
the wavelength is comparable to 
the ship’s length. Notice the tur- 
bulence in the water immediate- 
ly next to the hull. Since these 
models have quite smooth hulls 
compared to the actual ships, 
ordinarily no turbulence would 
be present, but it is produced by 
a rough strip cemented to the 
prow. 


A close-up of the probe part 
of a new device for measuring 
the wave shape as a function of 
time. The portion of the probe 
immersed in the water is adjust- 
able, but fixed for any one series 
of readings. The immersed sec- 
tion is heated electrically and 
the heat dissipated during any 
instant is proportional to the 
length of the immersed section. 


THE TECH ENGINEERING NEWS 





Electrical apparatus used in 
conjunction with the precing 
probe for plotting the wave 
shape. Also visible is a strobo- 
scope in the upper right which is 
used with a photographic record- 
ing system for studies of the sea- 
worthiness of the models. The 


models are pulled past a black 
cloth (visible in the first picture) 
with a graduated white stick 
mounted vertically, A time ex- 
posure made while the strobo- 
scope flashes shows how the ship 
responds to rough water by the 
motion of the graduated stick. 
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The design engineer trained in 
welded steel construction is best 
able te meet industry's need for 
lew cost manufacture because 


WELDED DESIGNS 
CUT COSTS 30% 


Y using steel instead of cast iron, 
design engineers today make their 
products more efficient . . . many times at 
half the cost. Product designs are strong- 
er, more rigid, take less material to build. 


Too little attention is usually devoted to 
simplification of product designs to elim- 
inate costly manufacturing manhours 
once a basic design is established. Where 
designers reappraise product details for 
welded steel construction, production 
costs are being cut an average of 50% com- 
pared with manufacture using castings. 


Manufacturing operations are simpli- 
fied with welded steel design. Rejections 
due to inferior metal are eliminated. Less 
machining and finishing are required. 
Finished machines are streamlined, more 
modern in appearance. 


In the example below, an economy- 
minded design engineer lowered manu- 
facturing cost on a machine arm and cut 
weight of the arm. 


Before conversion to steel, the machine 
arm required 182 pounds of gray iron 
and cost $38.25 to cast and machine. 
Welded steel design weighs only 86.8 
pounds... costs $20.06. 


Fig. 1. Original 

cast construction 

of operating ma- 
chine lever. Weighs 182 
pounds... Costs $38.25. 


Fig. 2. Welded steel 
design is stronger, 


To design a slide rule that makes even the most complex 
calculations simple takes ingenuity. Years of ingenious 
developments and improvements by K&E, first to make 
slide rules in America, produced the Log Log Duplex 
Decitrig®, the slide rule most used by engineers and 
students alike. Ingennity—of design, of marufacture—is 
one of the keys to K&E’s eighty-seven years of leader- 
ship in drafting, repioduction, surveying and optical 
tooling equipment and materials, in slide rules and 
measuring tapes. 


KEUFFEL & ESSER CO. 
New York + Hoboken, N. J. 
Chicago «+ St. Lovis - Detroit » San Francisco - Los Angeles - Montreal 


stiffer yet weighs 
only 86.8 pounds... 
Costs $20.06. 


DESIGN DATA for welded construction is avail- 
able to engineering students in the form of bulletins 
ond handbooks. Write 


THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohic 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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Golf locking factonere 


ELeitio bop nuts Rollpins 











HIGH TENSILE NUT 








SPLINE NUT 


dia. from 1/16” to 1/2” 







Rollpins are slotted, tubular steel, pressed-fit pins 
with chamfered ends. They drive easily into holes 
drilled to normal tolerances, compressing as driven. 
Extra assembly steps like hole reaming or peening 
are eliminated. Rollpins lock in place, yet are read- 
ily removed with a punch and may be reused. 

Cut assembly costs by using Rollpins as set 
screws, positioning dowels, clevis or hinge pins. 
Specify them in place of straight, serrated, tapered 
or cotter type pins. 











CHANNEL NUTS FLOATING ANCHOR NUT 





Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. 
Only ESNA manufactures a complete line of all types 
and sizes of self-locking nuts. 










ELASTIC STOP NUT CORPORATION ao 
OF AMERICA 


TRADEMAPK 









Elastic Stop Nut Corporation of America 
Dept. N34-152, 2330 Vauxhall Road, Union, N. J. 






Please send me the following free fastening information: 





CD Elastic Stop Nut Bulletin 0 Here is a drawing of our 
C Rollpin Bulletin product. What fastener would 


(0 AN-ESNA Conversion Chart you suggest? 










Title. 
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SENIOR STAFF 


at Ramo-Wooldridge 


The Senior Staff of The Ramo-Wooldridge Corporation, 
shown above, is comprised of scientists, engineers, and science 
administrators with outstanding records of past performance 
in positions of responsibility. By means of meetings of the entire 
group, supplemented by frequent smaller sessions, these key 
men participate actively in the establishment of company plans 
and policies. 

Existing project commitments require that the current rapid 
rate of expansion of the company continue throughout the 
coming year. Unusual opportunities, encompassing a wide 
variety of challenging research and development problems, 
exist for additional scientists and engineers who would like to 
participate in the development of a company in which, from the 
outset, all features of the organization and of the operational 
procedures are designed to be as appropriate as possible to their 
special needs. 


The Ramo-Wooldridge Corporation [iRemmerce 


8820 BELLANCA AVENUE, LOS ANGELES 45. CALIFORNIA, THESE FIELDS OF 
CURRENT ACTIVITY 


. Dr. Burton F. Miller 

. Dr. James C. Fletcher 

. Robert B. Muchmore 

. Dr. John M. Richardson 
. Dr. Howard S. Siefert 
. Robert J. Barrett, Jr. 

. William B. Hebenstreit 
. Dr. Ralph P. Johnson 

. Jack H. Irving 

. Dr. Lovis G. Dunn 

. Dr. Eldred C. Nelson 

. A.J. F. Clement 

. Dr. Milton U. Clauser 

. V. G. Nielsen 

. Dr. Eugene M. Grabbe 
. Marion F, Thorne 

. Dr. Robert R. Bennett 

. Robert J. Hight 

. Dr. Andrew Vazsonyi 

. Emory Lakatos 

. Richard A. Hartley 

. Dr. Howard L. Engel 

. Dr. Donald L. Drukey 


Guided Missile Research and Development 
Digital Computer Research and Development 
Business Data Systems Development 

Radar and Control Systems Development 


Communication Systems Development 
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KEEP THE WHEELS TURNING 


* 


HOW 


HERCULES 
HELPS... 


SS 


IMPROVE PAPER QUALITY. 


Prd, 

@ VERSATILE RAW MATERIAL—The linters left on 
cotton seed are made into chemical cotton (bleached 
coiten linters) by Hercules’ Virginia Cellulose 
Department. In high-grade paper, chemical cotton 
replaces rags, eliminates costly rag sorting. And 
chemical cotton is the best source of cellulose, key 
to products ranging from lacquers to plastics. 


/ 


HERCULES 
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‘@ CHEMICAL BATH—Hercules Dresinate®, added to alkaline cleaners, increases the 
efficiency of cleaning solutions for large equipment such as these railroad wheels. In 
other applications—as an emulsifier, detergent, dispersant, foaming and flotation agent— 
this water-soluble resinate helps increase performance, reduce cost of other compounds. 


Most businesses are helped today by Hercules’ business . . . the 

production of synthetic resins, cellulose products, chemical cotton, 

terpene chemicals, rosin and rosin derivatives, chlorinated products, 

and many other chemiczl processing materials—as well as explo- 
sives. Through close cooperative research with its customers, Hercules 
has helped improve the processing or performance of many industrial and 
consumer products. 


... LINK A NATION 


@> IMPOSSIBLE WITHOUT EXPLOSIVES—Modern highway construction, such as the 
$555-million, 427-mile New York State Thruway, would be impossible without ex- 
plosives. Whether it means cutting through a mountain, spanning a gorge, or even 
moving a river—-the modern highway can go straight and level, thanks to the con- 
trolled energy supplied by Hercules® explosives. 


HERCULES POWDER COMPANY 


Wilmington 99, Del. 
Sales Offices in Principal Cities 





Introduction 

To most people the name “digital computer” 
implies a restricted activity in the area of scien- 
tific computation and the solution of engineering 
problems. Such a concept is much too narrow, and 
the modern digital computer might better be called 
an “information-processing system.” 

Digital computers used as information-process- 
ing systems represent a new branch of communi- 
cations engineering and an extension of the con- 
cept of servomechanisms and automatic control. 
More broadly, the digital computer promises to 
mechanize many of the routine and clerical aspects 
of management. 

One might here point out that the modern digi- 
tal computer, like the human operator, does one 
operation at a time, Unlike the operator, the auto- 
matic computer may perform 
these operations at tremendous 
speeds, perhaps reaching 100,000 
times the speed of the operator 
of a desk calculating machine. 
The ratio 1 to 100,000 is approx- 
imately the ratio of a minute to 
a normal work year. 

The flow of information for a 
military fire-control system is il- 
lustrated in Fig. 3. Information 
on a target is collected by search 
radar sets. A new target is ident- 
ified, and the threat, if any, 1s 
evaluated. Aircraft locations ar‘ 
plotted until course and speed 
can be estimated, and using this 
information the defense director 
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computer programming 


by Jay W. Forrester 





suitably disposes his defensive equipment. A 
target-acquisition radar may help to position a 
precision fire-control radar, Information from the 
latter is used by a fire-control computer for gener- 
ating gun orders, Control of this system is under 
the gunnery officer. Here also, most decisions are 
routine according to standard procedures and doc- 
trine, as established during training, and proper 
logical instructions to automatic equipment can 
produce similar results more accurately and at 
higher speeds. 

The problems in logistics are primarily those of 
information-processing. Logistics is the military 
supply problem, which has identical counterparts 
in the civilian economy. Logistics embraces a tre- 
mendous range of subjects, from simple bookkeep- 
ing to a prediction of business cycles and indus- 
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trial mobilization. Included are computations of 
the effect of governmental budgets on business 
conditions, calculation of the shipping space re- 
quired to supply a given military operation, and 
questions like the following: if the Navy builds 
100 destroyers, is there at the same time enough 
steel available for the Army to purchase 10,000 
tanks? The answers to such questions are based on 
extensive sorting, bookkeeping, and computing 
procedures. 


A final example of information processing is 
shown in Fig. 5. Congestion and delays in present 
and future civilian air traffic can be directly traced 
to inadequate information processing. In present- 
day air traffic control, aircraft locations may be 
obtained by radar; aircraft altitude, identification, 
and destination are available by radio; schedules 
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and flight plans are transmitted by teletype; land- 

ing instructions and assignment of flight lanes and 

holding patterns are transmitted by radio. How- 
ever, there is no high-speed automatic aid to the 
central information processing, 

The reader now begins to see the common pat- 
tern in all these information systems. 

1. Information is collected. 

2. Information is transmitted to a central point 

for processing. 

3. At the processing center information is 

sorted, compared, revised, and combined into 
a form suitable for final use. 

4. Information is transmitted in its new form 
from the processing center to the point of 
end use. 

. Information is used for the control of auto- 
matic machinery, aircraft, production sched- 
ules, ete. 


or 
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Fig. 6. Digital computer - simplified block diagram 






















In all parts of the information system, except 
that of information processing, a high degree of 
automatic electronic high-speed facilities have 
been developed. Radar, photography, television, 
thermostats, photocells, gages, and detectors are 
available for information collection. To transmit 
this information we have teletype, radio, and air- 
mail. To use this information there have been de- 
veloped servomechanisms, automatic pilots, pro- 
duction-line manufacturing, and automatic ma- 
chinery. Only in the central information-process- 
ing has little change yet occurred. In the above ex- 
amples the central information processing repre- 
sents a system weakness and bottleneck. More in- 
formation is collected and more can be effectively 
used than can be handled through the processing 
center. To the engineer this represents a poorly 
balanced and inefficiently engineered system. The 
inability to process information properly is re- 
sponsible for confusion, errors, and high cost. In 
many areas information handling can now be lik- 
ened to a 10,000-kilowatt generator feeding a 
2,000-kilowatt motor over a 500-kilowatt line. 

As pointed out by Professor Wiener in his re- 
cent book “Cybernetics,” this electronic mechani- 
zation of the routine clerical functions of manage- 
ment may reach the proportions of a second in- 
dustrial revolution. The social implications, while 
tremendous, need hardly be debated here since the 
trend is in process and its continuation inevitable. 
Description of a Digital Computer 

A digital computer is essentially a device for 
executing arithmetic operations and for making 
choices or selections. The latter function, that of 
choice, is fully as important as the arithmetic op- 
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Fig. 7. Desk machine calculation - basic elements 


erations and is essential to any of the information- 
processing operations already described. These 
functions will be illustrated in what follows. 

Fig. 6 is a simplified block diagram of a digital 
computer showing the major subdivisions: the 
arithmetic element, the central control, and stor- 
age. To provide communication with the outside 
world, input and output devices are required. Stor- 
age in the digital computer consists of physical 
equipment capable of retaining, that is “remem- 
bering,” coded information representing the in- 
structions which the machine is to follow, as well 
as any initial data required for the information- 
handling process, and the partial results required 
during operation. The arithmetic element is the 
high-speed electronic equivalent of a desk calcu- 
lating machine, It carries out the simple functions 
of addition, subtraction, multiplication, and divi- 
sion and minor variations of these. The central 
control is essentially an electronic switching sys- 
tem which takes coded instructions from storage 
and executes these instructions with the indicated 
numerical data. 

Returning to a point already made, Fig. 7 again 
illustrates the similarity between the basic theory 
of a digital computer and the routine clerical oper- 
ation of a desk calculating machine. Storage may 
be a notebook, a filing system, or any other method 
of retaining information. Just as a human oper- 
ator can be instructed to recognize and follow 
different alternatives as the occasions arise, so can 
a digital computer be instructed to follow a calcu- 
lating or control sequence which depends on the 
circumstances which are encountered. For ex- 
ample, in an air traffic control system an auto- 
matic computer would need to recognize when an 
aircraft is flying at too low an altitude or on the 
wrong course and react accordingly in some pre- 
determined manner. In the processes of sorting 
and filing, choices are necessary in order to find 
the desired entries of information. 

A digital computer is not a “mechanical brain.” 
It can be set up to execute routine operations 
quickly and automatically which now occupy many 
man-hours. However, the digital computer is no 
more the equivalent of the brain than a radar set 
is equivalent to the human eye. The radar set has 
certain properties not possessed by the eye. It may 
be used in the dark and it may have greater range, 
but it does not distinguish colors and without ad- 
ditional information it cannot distinguish one air- 
plane from another. As another example, one 
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Fig. 8. Binary notation 


might consider the relationship of a bulldozer to 
the human hand. The bulldozer may be valuable in 
the building of a highway or an airfield, but is of 
no help in repairing a watch. 

Likewise, a digital computer has its advantages 
and its limitations. In many operations its speed 
is vastly greater than that of the human being in 
making routine decisions and in the handling of 
information. Although the external storage avail- 
able to a computer in the form of photographic 
film or magnetic wire may be practically unlim- 
ited, its internal storage by presently foreseeable 
techniques is very restricted. Internal storage of 
most presently-proposed digital computers is the 
equivalent of only a few pages of typewritten in- 
formation. In other words, while the operating 
speed for certain functions in the digital computer 
may be 100,000 times that of the human being, it 
is entirely possible that the memory of the ordin- 
ary human being may be 100,000 to 100,000,000 
times greater in capacity than the high-speed in- 
ternal storage of proposed digital computers. This 
tremendous difference in balance between speed 
and storage capacity places important restrictions 
on digital computers which must be taken into 
account when discussing and planning informa- 
tion-processing systems. 

Computer Operation 

This section contains a few comments on the 
physical operation of a digital computer. They are 
not necessary for understanding a discussion of 
applications or for the logical planning of how to 
use such a machine in an information system. They 
do, however, lend some plausibility to the pro- 
posed techniques. 

For engineering convenience most modern digi- 
tal computers use some form of the binary system 
of notation. The binary system employs the two 
digits zero and one instead of the 10 digits zero 
through nine found in the decimal system. This 


REPRESENTS POWFRS OF 2 


MULTIPLICATION TABLE 
1xtiel 
1x O20 
0x00 


ADDITION: 
1+ 1210 


1 +0] 
0+0:0 


BINARY COLUMNS + 34 X DECIMAL COLUMNS 
ONLY DIGITS | AND O REQUIRED IN EQUIPMENT 


Fig. 9. Tables for binary arithmetic 


numbering system is a convenience because most 
physical components available to computer de- 
signers are most suitable for operation in one of 
two stable states. For example, a relay may be 
open or closed, representing digits zero or one. An 
electrostatic charge in a storage tube may be plus 
or minus, representing storage of a digit zero or 
one. Vacuum tubes are most reliable and have the 
greatest safety factors if operated fully conduct- 
ing or completely cut off, again representing digits 
zero and one. 

The binary system is illustrated in Fig. 8, which 
shows the relation between decimal and binary 
numbers. A carry of one digit into a new binary 
column occurs for each power of 2 instead of oc- 
curring at each power of 10 as in the decimal sys- 
tem. To represent the same numerical quantity, 
approximately 314 times as many binary places 
are required as decimal places. 
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Fig. 10. Electronic binary multiplication 
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Fig. 11. Electrostatic storage tube 


Fig. 9 illustrates the multiplication and addition 
tables in the binary system. In contrast to the deci- 
mal multiplication tables taught in elementary 
school, the binary multiplication table has only 
three entries. 

Mechanization of the binary multiplication table 
is illustrated in Fig, 10. Here a gate tube having 
two control grids is employed. For the tube to 
produce an output signal, both grids must receive 
an input signal. This condition corresponds to the 
operation 1 x 1 = 1. All other combinations are 
shown to result in zero output. A vacuum-tube 
circuit is therefore taught the binary multiplica- 
tion table through properly wired connections 
much more quickly than the usual student learns 
the decimal multiplication table. 
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A Campus-to-Career Case History 


“Always something new” 


“Different types of work appeal to different 
men,” says Donald O’Brian ( A.B., Indiana, ’50), 
in the Traffic Department with Indiana Bell Tele- 
phone Company. “For me, I'll take a job that 
keeps me hopping. And that’s just the kind of 
job I have. 

“You'd think that after two years I’d have all 
the variables pinned down. But it doesn’t work 
that way. When you supervise telephone service 
for thousands of different customers whose needs 


are always changing, there’s always something 
new coming up. 

“I started with Indiana Bell in 1952, after 
two years in the Army. My training program 
exposed me to many different kinds of tele- 
phone work—customer contact, personnel, ac- 
counting, operations. I saw a lot of jobs which 
looked as interesting as mine. As much as | 
like what I’m doing now, I bet I'll like my next 


spot even better.” 


Don’s enthusiasm for his job is pretty typical of how 
most young college men feel about their telephone 
careers. Perhaps you’d be interested in a similar oppor- 
tunity with a Bell Telephone operating company, such 


as Indiana Bell . . . or with Bell Telephone Laboratories, 


TELEPHONE SYSTEM 


Western Electric or Sandia Corporation. See your Place- 


ment Officer for more information. 


January, 1955 





Several forms of information storage are avail- 
able for digital computers. One such, the electro- 
static storage tube, is shown in Fig. 11. Here a 
cathode-ray beam can be deflected to choose one 
of several hundred points on a storage surface. By 
proper pulsing of tube electrodes, the electrostatic 
charge at the selected point may be made either 
positive or negative. Either of these conditions is 
stable and is maintained indefinitely by an addi- 
tional electron source in the tube which can re- 
plenish leakage from the charged areas. The in- 
formation is “read out” by returning the beam to 
the storage location. 

Digital Computer Coding 

Some preliminary details of the operation of a 
digital computer will now be discussed. A digital 
computer follows, one at a time, the instructions 
which it takes from storage. Codes and instruc- 
tions will be discussed in later paragraphs. The 
simplest, the so-called single-address, instruction 
code will be used here as an example. The storage 
in a digital computer is a sequence of pigeon holes 
or “registers” in which either numbers or control 
orders may be stored. These registers are identi- 
fied by numbers as in Fig. 12. 

A control order which may be placed in a stor- 
age register usually consists of two parts: the first 
describes an operation such as addition; the se- 
cond identifies the number which is to be added. 
Fhe latter number is identified by the location of 
its storage register. A control order might be writ- 
ten thus: 

ad 746 

In the computer the alphabetical characters and 
numerals would be represented by a suitable pulse 
code. This order would be interpreted to add into 
the arithmetic element the contents of storage 
register 746. It is important to note that “746” is 
an “address.”’ It tells where to find the desired 
number; it is not itself the desired number. Other 
examples follow: 


Function 
Clear and Add Clear all numbers from 
the arithmetic element 
and add the contents of 
storage register 931. 


Operation Address 
ca 931 


Add to the present con- 
tents of the arithmetic 
element the contents of 
storage register 213. 


—_ 


AR - MULTIPLICAND 


BR - MULTIPLIER 
AC - PRODUCT | 








ARITHMETIC 
ELEMENT 


STORAGE 








OUTPUT 


| INPUT | 
| 
oe | ecietssinaiieaiinntinsiiniesinatn 


Fig. 12. 





Multiply Multiply the present 


contents of the arith- 
metic element by the 
number in storage reg- 
ister 1425, 
280 Transferto Transfer the contents 
Storage of the arithmetic ele- 
ment to storage regis- 
ter 280. 


From these we can write the machine control 
orders for some simple arithmetic operations. In 
practice these would be written on a keyboard re- 
cording on punched tape, or magnetic tape. The 
numbers, orders, and their assigned positions in 
storage would be recorded. The information would 
then be read by the input unit of the computer and 
transferred to computer storage. Assume we are 
to write the control orders for 


X == 27 + 53. 


The original data must first be assigned to storage- 
registers; the following arbitrary choices will be 
made. 


Register Identi- Contents of 
fication Number the Register 


1275 27 
463 53 
936 Xx 


The control orders from the above list will be 
ca 1275 
ad 463 
ts 936 


In other words, the first order will clear the 
arithmetic element of previous results and add the 
contents of register No. 1275; the contents of 1275 
is the number 27 of our problem. The second order 
will add the contents of register 463 to the number 
already in the arithmetic element; that is, 53 will 
be added to 27 and the sum is in the arithmetic 
element. We next must dispose of the result, The 
third order when interpreted by the central con- 
trol will take the number in the arithmetic element 
and store it in register 936. The operation is there- 
fore complete with the result in the desired place. 

Since the control orders used 
by the machine are from storage, 
they too must be assigned to 
storage registers. The entire cod- 
ing might then be the following, 
assuming the control instruc- 
tions are to be located beginning 
at register 728. 

Register 
Contents 


Register Identi- 
fication Number 


Computer use in multiplication 
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Will data on molybdenum 

and the ‘‘moly” derivatives 
utilized in chemicals, agriculture 
and various phases of industry 
help your thesis project? If so, let 
us know your field of particular 
interest... write: Climax 
Molybdenum Company, 500 Fifth 
Avenue, New York 36, N. Y. 
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Fig. 13. Computer operations - specific example 


We here assume that the computer starts with 
order 728 without now considering how this might 
arise. It should be noted that the computer takes 
instructions from storage registers in sequence 
until an appropriate order intervenes to change 
this sequence, as will appear in a later example. 
Consider another example, 
Y= (837) (2346) +9285. 

Storage register assignments and control orders 
might be as follows: 


Register Contents 
11 ca 85 
12 mr 91 
13 ad 28 
14 ts 47 
a sabuusalapscsecsachevesessbarcceners + boiee 
ae Siccekaiiniataaecosivenicatacsanauedy - va 


It is suggested that the reader enter on a sheet 
of paper the contents of the arithmetic element and 
the transfers of numbers for each order after the 
manner of Fig. 13. 

Order 11 clears the arithmetic element and 
transfers into it the contents of register 85. The 
number 837 is thus placed in the arithmetic ele- 
ment analogously to the way a person would enter 
it on the keyboard of a desk calculating machine. 
Order 12 multiplies by the content of register 91, 
which is the number 2346. The product 1,963,602 
is now in the arithmetic element. Order 13 adds to 
this the content of register 28, which is the number 
9285, and our answer is now complete. The final 
order 14 transfers this answer to the desired 
register 47. 

Several comments should be made on the pre- 
ceding examples: 

1. A clear distinction must be kept in mind be- 
tween the identification of a storage register 
which is used in the order code and the number 
stored in that register which is used in the com- 
putation. The order specifies the pigeon-hole 
from which the number is to come; the number 
itself may have any numerical value. 

No attempt has been made to describe how the 
computer accomplishes the operations indicated 
by the orders. If the definitions and uses of con- 
trol orders such as in the above examples are 


bo 


ARITHMETIC : 
ELEMENT the physical nature of the 


CLEAR ON ORDER I! 


837 
erst 
1963602 





9285 
19728867 


{S CONTENT 
AFTER ORDER 1/4. 


understood, it is actually un- 
necessary for the person do- 
ing problem coding to know 


equipment, 

. Examples are shown with al- 
phabetical letters and decimal 
numbers. Most computers will 
operate in binary notation, 
but the persons using them 
will continue with the famil- 
iar decimal and alphabetical 
notation and the conversions 
will be automatic in the equip- 
ment. 


The examples thus far have shown instructions 
for a digital computer to perform arithmetic op- 
erations. Although usually referred to as a ma- 
chine for doing arithmetic, a function which is 
fully as important in a digital computer is the 
ability to make choices or routine decisions. To 
illustrate, we will set down the computer instruc- 
tion code to permit finding the largest number in a 
miscellaneous group of numbers, Similar sequen- 
ces are important in sorting, filing, finding the 
highest or lowest airplane over an airport, etc. 

The procedure of finding the largest number in 
a group of numbers will be coded to follow the 
same procedure a person would use if given a pack 
of cards bearing miscellaneous numbers. The first 
number would be remembered until a larger one 
is found while turning through the pack; the latter 
would then be remembered until a still larger one 
is found, ete. 

Assume that the numbers through which we are 
to search are located in storage registers begin- 
ning with register 81. The control orders will arbi- 
trarily be placed in registers 8 through 17 as in the 
following table. Register 76 is used for the tempo- 
rary storage of numbers; 77 holds the numerical 
value 1; and 78 will store the largest number 
found up to any point in the search. Register 78 
will originally hold a zero. 

Three new orders which have been introduced 
will be explained: 


Go 





















su 78 
ne 
cp 16 


The first order is “subtract.” It specifies that the 
number in register 78 is to be subtracted from the 
contents of the arithmetic element. 

_The next two orders are very powerful. They 
give the digital computer its flexibility to handle 
any form of information processing. We have seen 
that the computer normally extracts its instruc- 
tions from storage in sequence. However, the “sub- 
program” order sp 8 will alter this sequence and 
the next computer instruction will be taken from 
the indicated register. In this example the next 
order will be taken from register 8. This is a 
“start-over” or ‘“go-someplace-else” order. 

The “conditional subprogram” or “comparison” 
order, cp 16, is the order which permits a digital 
computer to make a choice—in other words, a de- 
cision. The conditional subprogram order behaves 
like a plain subprogram order on the condition 
that the arithmetic element holds a negative num- 
ber. That is, if the arithmetic element has in it a 
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Carl Vrooman, icing tunnel group 
head, studies hot-air cyclic de-icing 
test on wing section of C-130 
transport. The tunnel has a 
\ temperature range of —40° F. to 
“?  +150° F. and maximum air speed 
of more than 270 mph. 

























New icing tunnel 
speeds thermodynamics 
research at Lockheed 


Designed to meet a constantly increasing volume of thermo- 
dynamics work, Lockheed’s new icing research tunnel now 
provides year ‘round testing in meteorological environments 
normally found only in flight. It is the first icing research 


tunnel in private industry. 


Lockheed thermodynamics scientists were formerly limited to 
testing time available at installations such as Mt. Washington. 
Now they are able to study in greater detail problems such as: 
thermal anti-icing; cyclic de-icing; various methods of ice 
removal; distribution of ice; rate of temperature changes in 
aircraft components; thermodynamic correlation between lab- 
oratory and flight testing; and development and calibration of 
special instrumentation. 





C. H. Fish, design engineer assigned to the tunnel, 
measures impingement limits of ice on C-130 wing 
section. The tunnel has refrigeration capacity of 

100 tons, provides icing conditions of 0 to 4 grams 
per cubic meter, droplet sizes from 5 to 1000 microns. 













Thermodynamicist Ed Dean monitors main control 
panel in picture at left. Temperature, air speed, 
water flow rate, air pressure and other variables 
can be regulated independently. 




















Career Opportunities at Lockkeed B. L. Messinger, department head, analyzes test 


results with Thermodynamics Engineer E. F. Versaw, 
right, and Thermodynamicist Tom Sedgwick, left. 
The report was in their hands only two days after it 
was decided to conduct the test. 


Increasing research and development work on nuclear energy, turbo- 
prop and jet transports, radar search planes, supersonic aircraft and 
a number of classified projects offers engineers outstanding 
opportunity for creative work. 

This is true not only for men in thermodynamics but for AerO- urges 
dynamicists and Aerodynamics Engineers, Structures Research 
Engineers, Airborne Antenna Designers, Flight Test Analysis 
Engineers, Physicists in fields of optics and acoustics, Mathema- 
ticians, and almost every other type of engineer. 

You are invited to write for the brochure, “Your Future is Now” 
which describes life and work at Lockheed. Address E. W. Des 
Lauriers. 


LOCKHEED aircrart coRPORATION 


surBANK CALIFORNIA 





negative number, the next machine order will be 
taken from the indicated register. On the other 
hand, if the arithmetic element holds a number 
which is positive, the conditional subprogram 
order will be ignored and the next order will be 
taken in sequence, 


Storage Contents 
Register 
8 ca 11 
9 ad 77 


10 ts 1 


Start 11 ca 81 
12 ts 76 
13 su 78 
14 cp 8 
15 ca 76 
16 ts 78 
17 sp 8 


76 temporary 
77 
78 Largest number, zero to start. 


81 27 
82 35 
83 21 
84 17 
85 39 


The program for finding the largest number in a 
set will now be explained. 

As suggested in the previous example, the 
reader should follow on a separate sheet of paper 
the contents of the arithmetic element and of 
storage registers 11, 76, and 78. 

The starting point of this program is at order 11. 


Order Description 

11. Order 11 clears the arithmetic element 
(abbreviated AE) and adds the contents 
of register 81. AE now contains 27, 

12. The number 27 is transferred to register 
76 and also remains in AE. 

13. The contents of register 78 (initially 
zero) is subtracted from 27 in AE. The 
result is 27, which is positive, indicating 
that 27 is greater than the number (zero) 
in register 78. 

Description 
The conditional subprogram order indi- 
cates that the next order will come from 
register 8 if the number in AE is nega- 
tive (which it is not). 
AE is cleared; the number stored tempo- 
rarily in 76 (this time a 27) is added in. 
27 is transferred to register 78 as the 
largest number found thus far. 
This subprogram order indicates that the 
next instruction is to come from register 
8. 
This order and the next two should be 
watched carefully. They constitute the 
sleight-of-hand that permits the process 
to be self-sustaining, In these three orders 


a computation is done on the control 
orders themselves. In other words, the 
computer is altering its own control in- 
structions. In this order AE is cleared and 
the contents of register 11 placed in it. 
The instruction “ca 81” is now in AE, 
The content (1) of register 77 is added. 

ca 8l 

1 
ca 82 


The AE now contains “ca 82”. 
The contents of AE is transferred to reg- 
ister 11, from which the next order is to 
be taken. 
Clear AE and add 35 from register 82. 
Transfer 35 to register 76. 
Subtract 27 in register 78, leaving +-8 in 
AE. 
Because AE is positive, take next order 
from register 15. We now know the con- 
tent of register 82 (and 76) is larger than 
that of register 78. 
Clear and add 35 from register 76. 
Transfer 35 to register 78. 
Take next order from register 8. 
Clear AE and add “ca 82” from register 
a. 
Add 1, obtaining “‘ca 83.” 
Transfer ‘‘ca 83” to register 11 to become 
the next order. 
Clear AE and add 21 from register 83. 
Transfer 21 to register 76. 
Subtract 35, obtained from register 78. 
The result is —14, which is negative, 
showing that the content of register 83 
was not larger than the largest number 
(35) previously obtained. 
Order Description 

14, Because the AE holds a negative number, 
the next order is to be taken from register 
8. The reader will note that orders 15, 16, 
and 17 are skipped because the number 
in register 83 is not to be remembered 
in register 78. 

8. Clear AE and add “ca 83.” 

9. Add 1, giving ‘‘ca 84.” 

10. Transfer to register 11. 

a. Clear AE and add 17 from register 84. 

This cycle can be repeated as many times as de- 
sired. The two cases have been illustrated where 
the new number either is or is not larger than the 
largest previous number. 

The powerful use of “decision” and the use of a 
computer to generate its own controlling program 
have been shown. 

In an actual program, orders would be added to 
the above sequence to stop the cycle after all reg- 
isters containing the miscellaneous numbers had 
been searched. 

A computer capable of executing 10,000 of these 
single-address orders per second would scan and 
m: ke decisions on about 1,000 of the above num- 
be:'s per second. 


References for a more detailed discussion of the compari- 
sons of the computing machine with the human mind: 

Dr. Warren S. McCulloch, “The Brain as a Computing 
Machine,” Electrical Engineering, Vol. 68, No. 6, June 
1949, pp 492-497. 

Norbert Wiener, “Cybernetics,” John Wiley Co. 
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How fo beat shock loads 
in a big dragline 


Imagine the shock loads put on this big dragline’s 
intermediate swing shaft when the cab, the boom 
and an 8-yard load of dirt being swung through the 
air are suddenly stopped and the direction reversed: 
Engineers solved this problem by specifying 
Timken® tapered roller bearings. Timken bearings 
not only take radial and thrust loads in any combi- 
nation, they alsoassure long, trouble-free operation. 








Why TIMKEN® bearings have 
high load capacity 


This cross section of a Timken tapered roller bearing 
illustrates one reason why Timken bearings do sucha good 
job under heavy load conditions. Notice that there is full 
line contact between the rollers and races. It’s this full line 
contact that distributes the load over a wider area, gives 
Timken bearings their extra load-carrying capacity. 












Want to learn more about 
bearings or job opportunities? 


Some of the engineering problems you'll face after 
graduation will involve bearing ap- 
plications. For help in learning more 
about bearings, write for the 270- 
page General Information Manual 
on Timken bearings. And for infor- 
mation about the excellent job op- 
portunities at the Timken Company, 
write for a copy of ‘This Is Timken”. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. 


NOT JUST A BALL © NOT JUST A ROLLER o> THE TIMKEN TAPERED ROLLER c= 
BEARING TAKES RADIAL @ AND THRUST ~@- LOADS OR ANY COMBINATION =< 





TIMKEN 


TRADE-MARK REG. U. S. PAT. OFF 


TAPERED ROLLER BEARINGS 
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Automatic testing and recording 
permits accurate evaluation of a 


greater number of resistors. 


ONLY IRC MAKES SO MANY 
BASIC REQUIREMENTS JAN AND MIL TYPE RESISTORS 


JAN ond Mil Specifications are basic 

guideposts for electronic advance- : e 

ment, whether used os engineering . . . another reason why engineers prefer IRC Resistors 
reference points or as procurement 

standards. IRC’s duc! emphasis on 


mass production and exacting testing 56 different IRC resistors is today’s figure—all equiva- 
assures highest performance standards 


ot lowest possible cost. lent to JAN or MIL specifications. Manufacturers of 
SPECIFIC EXAMPLES military equipment who must meet these specifications 


> OF depend on IRC for all their resistor requirements. 


ee Offering the widest line of resistors in the industry— 
e sulated Composition Resistors x r . e 
MIL-R-ITA Speciation 138 different types in all—IRC is the logical source of 
ETE _ JAN and MIL type units. 


IRC Power Wire Wound Resistors 
MIL-R-26B Specification 


Se INTERNATIONAL 
Type BW Low Wattage Wire Wounds RESISTANCE CO. 


JAN-R-184 Specification 


3 —_ Ba 401 N. Broad St., Phila. 8, Pa. 


Sealed Precision Voitmeter Multipliers Ushereven the Circuit, ot ~Wv- ~—s In Canada: International Resistance Co., Toronto, Licensee 
JAN-R-29 Specification - 
| Eee 
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NO POLIO VACCINE CAN HELP 
THIS CHILD. While science works 
to protect healthy kids against 
polio, those already stricken are 
fighting to live and play again. 


They need expert treatment. 
They need costly equipment— 
iron lungs, rocking beds, braces. 
They need YOUR financial sup- 
port to meet the crushing cost of 
rehabilitation. Help them fight 
back—give voluntarily! 


Soin the 
MARCH 


OF DIMES 
Tanuary 3-A 


January, 1955 
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engineering | physics majors | 
learn how you can assure : 
your — 


Read North American Aviation’s 
“Time, Space, and You” — 
a new booklet offering you a 
more challenging career in the 
fields of Guided Missiles, 
Propulsion Systems, and 
Nuclear Engineering ... and an 
opportunity to live in 
Southern California. Send for 


your free copy today. 


@®eeeeeoeeeeeseeseseseeeeeeneeeseee 
write to: 
DIRECTOR, ENGINEERING PERSONNEL 
MISSILE AND CONTROL EQUIPMENT 
NORTH AMERICAN AVIATION, INC. 
Downey, Los Angeles County, California 





Name_. 





Address ‘ ——— 





City Zone State ‘ as 





_— 
| 





Simple enough now, this veriical ascent was history-making in 1939. 


THE FIRST SUCCESSFUL HELICOPTER 


Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine — 
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 


Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 


Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 


Helicopters of the future will be the product of 
tomorrow’s engineers. Sikorsky is young and grow- 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 


Perhaps you belong at Sikorsky — in the research 
departments, the drafting rooms, the engineering 
laboratories. 

You can remember the first successful helicopter 
— you may be the man to build tomorrow’s! Learn 
more about employment opportunities at Sikorsky. 
Consult your College Placement Office concerning 
arrangements for a personal interview. 


3 


<“)IKORSKY 


Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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Richard J. Conway, Lehigh ‘51, selects 
anufacturing Engineering at Worthington 


RICHARD CONWAY checks 
cutting tool with machinist 
before milling a pump casing. 


After completing his general training which brought him in 
contact with all departments, Richard J. Conway decided that 
manufacturing engineering was his field. He says, “I chose the 
Manufacturing Engineering Department after completing my 
general training at Worthington because as a graduate in In- 
dustrial Engineering I can learn the practical aspects of my 
field while applying theory I learned in college. 

“The personnel of this department work together as a team 
toward the solution of the numerous problems which arise 
daily. We have the cooperation of all other departments in the 
corporation in getting the necessary facts pertinent to the solu- 
tion of these problems. In the course of our day it may be 
necessary for us to meet the Plant Manager, Chief Engineer, 
Comptroller, several department heads, clerks, foremen, ma- 


chinists and many others throughout the company. 

“I have contributed to the solution of many problems han- 
dled by this department including metal spraying, machining 
procedures, purchasing new equipment and designating proper 
dimensions to obtain desired fits between mating parts. 

“TI enjoy my work because I’m doing the work I want and 
my formal education is being supplemented with practical 
knowledge gained from the tremendous wealth of knowledge 
available to me at Worthington. I know from personal contact 
with many other departments in the Corporation that Wor- 
thington can and will find their young engineers a spot which 
will give them the same opportunities as have been afforded me.” 

When you're thinking of a good job, think Aigh—think 
Worthington. 


FOR ADDITIONAL INFORMATION, sce your College 
Placement Bureau or write to the Personnel and Training 


he 
Department, Worthington Corporation, Harrison, N. J. 


January, 1955 
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COUNT VON ZEPPELIN—MODESTY PREVAILS 


If Zeppelin had said his dirigible was "just a big bag of wind,” he'd have shown 
vision. He knew that its record of 60 miles in two hours was only a beginning. 


And so it was. Now the sound barrier has been smashed . . . and New Departure 
has helped. With ball bearings to withstand high jet engine temperatures. With 
ball bearings to carry heavy propeller loads. With ultra-precise instrument ball 
bearings that help make "blind flight’’ and pinpoint navigation possible. 


Just as New Departure was ready for today’s advances in aviation, New Departure 
will be ready tomorrow, too—with the finest in ball bearings .. . first. 


NEW DEPARTURE « DIVISION OF GENERAL MOTORS «¢ BRISTOL, CONNECTICUT 
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NE Ww DEPARTURE 


BALL BEARINGS 


Navy’s new vertical take-off fighter, the “pogo 
stick,"” has some 80 New Departure ball bearings in 
its Allison T40 turbo-prop engine. New Departures 
also carry heavy thrust and combination loads in 
NOTHING ROLLS LIKE A BALL the Curtiss-Wright Turboleciric propellers. 


THE TECH ENGINEERING NEWS 
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Westbound Rio Grande freight in Ruby Canyon of Colorado River. 


The freight rolls away an hour sooner 
because photography cuts yard bookkeeping 


The Denver and Rio Grande Western microfilming. It is one of the fast growing and widely 
Railroad microfilms its waybills in used ways photography works for industry. 
« « “ ‘ « 
Small businesses and large are finding that photog- 


minutes, cuts running schedules, en ere ' 
raphy helps in simplifying routine procedures, in 


saves costs in train idling time. product design, in personnel relations. It improves 


production, saves time and cuts costs. 

7” . te ii . eat — lie <a . . . 
You don’t find a Rio Grande freight idling at the Graduates in the physical sciences and in engi- 
terminal while waybills are copied by hand. In- neering find photography an increasingly valuable 
stead, Recordak Microfilming copies them. Then 
theyre put aboard and the train is off in just 
about one-fifth the time it used to take, thus sav- 
ing hours of valuable crew and train time. Then ap neg : 

; i f he fi cision mechanical-electronic equipment. Whether 
the wheel reports are made up trom the films anc you are a recent graduate or a qualified returning 


tool in their new occupations. Its expanding use has 
also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre- 


teletyped ahead. service man, if you are interested in these opportuni- 
Railroading is but one of over a hundred types of ties, write to Business & Technical Personnel Dept., 
businesses now saving money, time and space with Eastman Kodak Company, Rochester 4, N.Y. 


Eastman Kodak Company, Rochester 4, N.Y. 





CHARLES SNYDER, R.P.I., (center) adjusting 5250 triple-unit d-c 
mill motor for use in a steel mill. 


Engineers RICHARD RENK, IOWA STATE, (left) and ALLEN FRINK, 
CATHOLIC UNIV., make last-minute check on 1600-hp diesel-electric 
switcher before it is moved to test track, 


THEY’RE ““GOING PLACES“‘ 
AT GENERAL ELECTRIC 


Like these young men pictured here, hundreds of scien- 
lists, engineers, chemists, physicists and other college 
graduates are “getting ahead” fast at General Electric .. . . 
and they are working on projects with the assurance that 


their contributions are meaningful and important. 


They are moving up rapidly because at General Electric 
a world of opportunity awaits the college man of today—a 
world limited only by his own ability and interest. The 
variety of General Electric products and the diversity of 
the Company’s operations provide virtually unlimited 
fields of opportunity and corresponding rewards, both 
materially and in terms of personal satisfaction to young 


men who begin a G-E career, 


New developments in silicones, electronics, semi-con- 


ductors, gas turbines, atomic power, and others—spring- 


ing from G-E research and engineering. are creating 


* 
- 


Test engineers E. K. VON FANGE, U. OF 
NEB., (left) and R. E. LOVE, U. OF TEXAS, 
work on stacker and stapler built by them for 


homework project. 


Physicist ROGER DEWES, BROOKLYN POLY., 
working with scintillation counter in G.E.’s 
Engineering Laboratory. 


exciting new opportunities, and are giving college gradu- 


ates the chance of finding satisfying, rewarding work. 


And by placing prime importance on the development of 
talent and skill, developed through G-E training pro- 
grams and broadened through rotational job programs, 
and by providing incentives for creative minds, General 
Electric is hurrying young men into success in an in- 
dustry that is devoted to serving all men through the 
ever-increasing and ever-widening uses for electricity, 


man’s greatest servant. 


If you are interested in building a career with General Elec- 
tric see your college placement director for the date of the 
next visit of the General Electric representative on your cam- 
pus. Meanwhile, for further information on opportunities with 
General Electric write to College Editor, Dept. 2-123, Gen- 
eral Electric Company, Schenectady 5, New York. 


ANTHONY TERZANO, PRATT INSTITUTE, 
checks connections on direct-current rectifier 
which charges 7,500,000-volt impulse genera- 
tor in G.E.’s new High-voltage Laboratory. 


ZO ELECTRIC 





